CHAPTER 1 2

SERIES AND
PARALLEL
CIRcCUITS

ENERGY EXISTS IN MANY

Key IDEA 4 FORMS, AND WHEN
THESE FORMS CHANGE

ENERGY IS CONSERVED.

PERFORMANCE INDICATOR 4.1 STUDENTS CAN OBSERVE
AND DESCRIBE TRANSMISSION OF VARIOUS FORMS OF ENERGY.

CHAPTER 12 — MAJOR UNDERSTANDINGS

Y 4.10 Circuit components may are used to represent circuits
bbe connected in series* or in and circuit elements.
parallel*. Schematic diagrams
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CHAPTER 12
SERIES AND

PARALLEL CIRCUITS
N\ 4

\Y

SERIES CIRCUITS
A series circuit is one in which there is only T-@
Ry

one current path. The current is the same in all

the components of a series circuit. The sum of the

potential drops in a series circuit is equal to the @

total applied potential difference. The equivalent L\/\/\,—
resistance of the series circuit is equal to the sum Ro

of the resistance of its components and can be

derived as follows.

A% = Vi +Vy, + Vg +...
Where: A% = IR
Thus, IR, = IR, + LR, +L;R; +...
But, I = L =L =1 = ..
So, R4 = R, + R, +R; = ...

I = L =L =1 = ..

\'% = V, +Vy + V3 =

Requivalent R, + Ry +R3 =

EXAMPLE

Three resistors of 20, 30, and 40 ohms are connected in series to an
applied potential of 120 volts.

Calculate:

a total resistance

b current through each resistor

¢ potential drop across each resistor
Given: R, =20Q Ry = 40Q

Ry, =30Q V =120V
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Solution:

a Req= R1+R2 +R3= 20 + 30Q + 40Q = 90 Q
A% 120V

b I-= = 0 = 1.3 amperes
R 90 Q

eq

In the series circuit, current is the same in all parts of the circuit.

I:Ilzlzzlg

c V, = LR, = (1.3AX20Q) = 26V
V, = LR, = (1.3A)X30Q) = 39V
Vs = LRy = (1.3A)40Q) = 52V

In a series circuit, voltage total is equal to the sum of the voltage
drops across each resistor.

Check: V = Vl + V2 + V3
26V + 39V + 52V = 117V
VvV =120V

@ REAL WORLD CONNECTIONS

THE TINY LIFE-SAVING SENSOR
If too much current flows through a wire,
it can get hot enough to set fire to surround-
ing materials. Fuses and circuit breakers
protect against this by cutting off power to a
circuit that is drawing excessive current.
Circuit breakers work like thermostats,
when they get hot they shut off. Fuses “blow”
when a metal strip overheats and melts. The
fuse and circuit breakers protect the wiring
in the building. To protect a person against
lethal shocks from leakage of current, a GFI
outlet is installed. GFI, or ground fault inter-
rupter, senses currents as low as 0.005 ampere. It senses when some of
the current flowing out of one side of the outlet is not returning to the
other side of the outlet. If the current isn’t coming back, then the leak-
age could flow through your body to ground. The usual cause of leak-
age current in appliances or tools is a breakdown of insulation
between the current carrying wire and the frame of the electrical
device. Since water is such a good conductor, GFI outlets should be
used in wet locations, such as the kitchen, bathroom, or outdoors.
Adapted from Readers Digest Fix it Manual, 1977. Pg 127

[
——
L
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PARALLEL CIRCUITS

A parallel circuit is one in which there is more
than one current path. The potential drop is the same
across each branch of a parallel circuit. The total cur-
rent in a parallel circuit is equal to the sum of the
branch currents. The reciprocal of the equivalent
resistance of a parallel circuit is equal to the sum of
the reciprocals of the branch resistances and can be
derived as follows:

I = I]. + 12 + 13 + ...
Where: I = V/R
Thus, L = Vi + Va + Vs +

Req 1{1 R2 1{‘3
BUta A% = Vl = V2 = V3 =
So, 1 _1 + 1 + 1 +

Req Rl R2 R3

V = V]_ = V2 = V3 =

I = Il + 12 + 13 =

1 _ 1 1,1,

Example: Three resistors of 20., 30., and 40. ohms are connected in par-
allel to an applied potential of 120 volts.

Calculate: a  the total resistance
b  the potential difference across each resistor
¢ the current through each resistor

Given: R, = 20.Q R; = 40.Q
R, = 30.Q V =120V
Find: a Riga
b V,V,,V,
c L;,L,1
Solution:
a 1 _ 1 + 1 + 1
Req R1 R2 R3
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R, 20Q  30Q  40Q
1 _6 ., 4 . 3

R, 120Q 120Q 120Q
113120
R, 1200 ~ e 13 '

b In the parallel circuit, voltage is the same across each resistor in
the circuit.

V=V, =V, =Vy =120V

c I, = Vy, _ 120volts _ 6.0 amp
R, 20. Q

I, = V, _ 120volts _ 4.0 amp
R, 30. Q

I, = Vs _ 120volts _ 3.0 amp
R, 40. Q

Note: In parallel circuits, the sum of the currents in the resistors is
equal to the total current from the source

I = Il + 12 + I3
=6.0A + 40A + 30A
I =13A
Check: I = vV _ 120V _ 13 A
R, 9.2

KIRCHHOFF's LAWS
First Law - Conservation of Charge.

The sum entering any current junction, is 9 amp 6 omp
equal to the sum leaving. A represents a junc- — A

tion in an electric circuit. Nine amperes are

entering A; therefore, according to Kirchhoff’s vy 3amp
First Law, nine amperes must come out of —

junction A.
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@ ReAL WoORLD CONNECTIONS

Millions of transistors, resistors,
and conductors are assembled by a
photographic process, in three dimen-
sions. How small can you make a
wire which still conducts? A 16 gauge
copper wire is about 2 mm in diame-
ter and can conduct 6 amps. In per-
spective, the human
hair is 100 pm or
100,000 nm in diame-

of information.

The microchip uses an electric circuit of
micron wires made from aluminum or cop-
per to connect the chip to a external circuit.
Microminiaturization continues to drive cir-
cuits with wires as small as 100 nm to the
limit of current capacity of copper — a limit
of 1 million A/em? (scales down with area).
New materials made of single walled nan-
otubes of carbon, called Bucky tubes (1 nm
in diameter), are being investigated to allow
for better current carrying capacity for (bil-
lion A/em?2) future circuits of 10 nm in size.

Source: Scientific American, Dec 2000 p.69

TINY NANOWIRE — MICROCIRCUITS

1
i

I'J:.'.L-.'.n.gll :

2 O
goegocean

ter. Making micron size wires (1 um or 1,000 nm) a fac-
tor of 100 or smaller than human hair involves the
$300 billion semiconductor industry. The process of
semiconductor lithography starts with a wafer of sili-
con. A series of circuit designs, deposi-

' tions, ion implantations, and etching,
which is all done through a stencil, forms a microcir-
cuit capable of storing and retrieving millions of bits

http://www.chem.ox.ac.uk/mom/
buckytubes/buckytubes.html
© Copyright 1995-2002
University of Oxford

10Q

— W\ —

current = 2 amp

Second Law - Conservation of Energy.
The algebraic sum of all the potential drops, and
the applied voltage around a complete circuit is

% 20 0 equal to zero. According to Kirchhoff’s Second

Law, the applied voltage (+60 volts) minus the
potential drops around the complete circuit,

60 volts

60

' must equal zero.

volts - (20 Q x 2amp) -(10Q x 2amp) =0
60 volts — 40 volts — 20 volts = 0
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SkiLs 4.1xim, 4.1vin, 4.1xu
LAB 20 — SerRIES AND PARALLEL CIRCUITS

BACKGROUND

The components of a circuit can be connected in series or in parallel.
In a series circuit, the parts are connected end-to-end. When elements
are connected in parallel, one bridges the other. An ammeter is always
connected in series. A voltmeter, on the other hand, is always connected
in parallel with the part of the circuit across which it is measuring a
potential difference.

THE PROBLEM

The plan of this experiment is to study series and parallel circuits.
In each case, you will measure the current in each component, the poten-
tial difference across each component, and the current and potential dif-
ference for the entire circuit. The final result for each part of the
experiment is a comparison between the circuit resistance as computed
from your current and voltage measurements and the circuit resistance
computed from the known values of the individual resistors.

PREPARING FOR THE EXPERIMENT

Select three resistors or light bulbs of different resistances. The
resistance of each must be known in advance. If the resistors are not
labeled, measure the resistance of each by the voltmeter-ammeter
method. Set up an appropriate data table to record all measurements.
Compare your actual and computed results.

SerIEs CIRCUIT

Connect two of the resistors in series. Measure the current in each,
the voltage across each, and the applied voltage. How are the separate
voltages across the resistors related to the applied voltage? How is the
current through the source related to the currents in the individual resis-
tors? Calculate the circuit resistance from your measurements and com-
pare it with the resistance computed from the known values of the
resistors.

PARALLEL CIRCUIT

Connect two of the resistors in parallel. Measure the current in each,
the total circuit current, and the applied voltage. Again, state the rela-
tionship of the applied voltage and current to these quantities measured
for the separate resistors. Calculate the combined resistance from your
measurements and compare it with the resistance computed from the
known resistances of the components.
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‘A’ TRy I7

Base your answers to questions 1 through 3 on the information below.

You are given a 12-volt battery, ammeter A, voltmeter V, resistor
R,, and resistor R,. Resistor R, has a value of 3.0 ohms.

1 Using appropriate symbols from the Reference Tables for Physical
Setting / Physics, draw and label a complete circuit showing:

a resistors R; and R, connected in parallel with the battery [1]

b the ammeter connected to measure the current through resistor
R, only [1]

¢ the voltmeter connected to measure the potential drop across
resistor R; [1]

2 If the total current in the circuit is 6.0 amperes, determine the equiv-
alent resistance of the circuit. [1]

3 Ifthe total current in the circuit is 6.0 amperes, determine the
resistance of resistor R;. [Show all calculations, including the equa-
tion and substitution with units.] [2]

CHAPTER TWELVE ASSESSMENTS

PART A QUESTIONS
1 Which diagram below correctly shows currents traveling near junc-
tion P in an electric circuit?

4 A 4 A 4 A 4A
&—lp L’p M—‘P &—IP
7A 7A 7A 7A
(1) (2) (3) (4)
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2  An electric circuit contains an operating heating element and a lit
lamp. Which statement best explains why the lamp remains lit when
the heating element is removed from the circuit?

(1) The lamp has less resistance than the heating element.

(2) The lamp has more resistance than the heating element.

(3) The lamp and the heating element were connected in series.
(4) The lamp and the heating element were connected in parallel.

3 In which pair of circuits shown below could the readings of volt-
meters V; and V, and ammeter A be correct?

50,V

50V =
soume"l’ ) s0.v 2 (W) so.v

(1) Aand B (2) Band C 3) Cand D (4) Aand D

PART B QUESTIONS
4 The diagram at the right shows two resis- SEE AN 15.0Q
tors connected in series to a 20.-volt battery.
If the current through the 5.0-ohm resistor
is 1.0 ampere, the current through the
15.0-ohm resistor is [1] A J|l|.L
20.V

R=400 R=600Q R

3

5 The diagram at the right shows a cir- ANN—AAA——ANAA
cuit with three resistors. What is the
resistance of resistor R5? [1] Q
[~ 24voll | ()
source | el
20A
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6 The diagram at the right shows three resis- 3V
tors, R;, R,, and Rj, connected to a 12-volt
battery. If voltmeter V; reads 3 volts and

voltmeter V, reads 4 volts, what is the R
potential drop across resistor R5? 1oy — R% 19
m__ v

Ry

7 Identical resistors R; and R, have an
equivalent resistance of 6 ohms when con-
nected in the circuit shown at the right. = — % Ry % Ro
The resistance of R; is [1] Q =T

8 In the parallel circuit at the right,
ammeter A measures the current

supplied by the 110-volt source. The ;;l?,cve 20. L 230. Q260.Q
current measured by ammeter A is e
r_ A {A)
9 Three ammeters are placed in a cir- fpﬂ\
cuit as shown at the right. If A, b @ @
reads 5.0 amperes and A, reads
2.0 amperes, what does A; read? Source
1__ A
Base your answers to questions 10 and 11 10a
on the diagram at the right, which shows AAAN
two resistors connected in parallel across
a 6.0-volt source.
300
10 The equivalent resistance of the two resis- YN
tors is [1] Q
6.0-V
11 Compared to the power dissipated in the i

1.0-ohm resistor, the power dissipated in
the 3.0-ohm resistor is [1]
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PART C QUESTIONS

Base your answers to questions 12
and 13 on the information and dia-
gram at the right.

0.50A
15-volt | o
source |

A 5.0-ohm resistor, a 15.0-ohm resistor, and an unknown resistor, R,
are connected as shown with a 15-volt source. The ammeter reads a
current of 0.50 ampere.

12 Determine the reading of the voltmeter connected across the 5.0-ohm
resistor. [Show all calculations, including the equation and substitu-
tion with units.] [2]

13 Determine the total electrical energy used in the circuit in 600. sec-
onds. [Show all calculations, including the equation and substitution
with units.] [2]

14 Two resistors are connected in parallel to a 12-volt battery. One
resistor, R;, has a value of 18 ohms. The other resistor, R,, has a
value of 9 ohms. The total current in the circuit is 2 amperes. A stu-
dent wishes to measure the current through R, and the potential
difference across R,.

a Using the symbols from the Reference Tables for a battery, an
ammeter, a voltmeter, and resistors, draw and label a circuit dia-
gram that will enable the student to make the desired measure-
ments. [2]

b Calculate the value of the current in resistor R;. [Show all calcu-
lations, including equations and substitutions with units.] [2]

Question 15 on next page
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15 Using the values given in the chart below and the diagrams of the
circuits, complete the table. Determine the current through the resis-
tor, the voltage across the resistor, and the power developed by the
resistor. [3]

R,
Rs
Re
| |
| 1
Series Circuit Parallel Circuit
Voltage Total = 195 v Voltage Total = 360 v
Series Parallel

oo | & B[ R B ]G]

Resistance Q || 13 || 15 || 1 || 45 " 180 || 36

Current A

Voltage Vv

Power W
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